1. Introduction {#s0005}
===============

The prevalence of childhood obesity has increased threefold over the past 30 years ([@bb0145]) with over 9% of preschool-aged children currently obese ([@bb0270]). Preschool-aged children who are overweight or obese have four-fold odds of being overweight or obese as adults ([@bb0375], [@bb0330]). Preventing obesity is critical to averting obesity-associated comorbidities such as metabolic syndrome, type II diabetes mellitus, hypertension, and cardiovascular abnormalities ([@bb0115], [@bb0250], [@bb0095], [@bb0225], [@bb0040]). The importance of establishing healthy habits early in life is underscored by research illustrating that dietary and physical activity habits track into later adolescence and adulthood ([@bb0050], [@bb0100], [@bb0055]).

The American Academy of Pediatrics (AAP) recommends that pediatricians counsel parents and patients at every well-child check on diet and lifestyle goals as a part of obesity prevention initiatives ([@bb0175]). These recommendations, initially put forth by the Maine Youth Overweight Collaborative obesity prevention program "Let\'s Go! 5-2-1-0", have been promoted locally and nationally for broad consumption ([@bb0310]). The '5-2-1-0' message, used by pediatric offices and in numerous public health campaigns ([@bb0265], [@bb0260], [@bb0345]), consists of the following:5 - Consume at least 5 servings of fruits and vegetables daily2 - Limit screen time to no more than 2 h per day1 - Attain 1 h of physical activity daily0 - Consume 0 sugar-sweetened beverages.

Few studies have examined adherence to the '5-2-1-0' recommendations collectively and assessed predictors of attainment ([@bb0140], [@bb0235], [@bb0315], [@bb0180], [@bb0155], [@bb0205], [@bb0065], [@bb0350]). Furthermore, there is a paucity of studies that have assessed the association of '5-2-1-0' recommendations with BMI z-score or weight status in preschool-aged children ([@bb0325], [@bb0160]), which is important to consider given that 80% of children in this age group use screens daily ([@bb0300]). Of the studies examining adherence to the '5-2-1-0' recommendations, most have relied on self-reported data ([@bb0315], [@bb0180], [@bb0155], [@bb0205], [@bb0065]) and have focused on school aged children ([@bb0235], [@bb0315], [@bb0180], [@bb0155]) or adolescents ([@bb0140], [@bb0180], [@bb0205]) instead of preschoolers ([@bb0065], [@bb0350], [@bb0325]). No study to our knowledge has used objective measures to examine adherence in preschool-aged children who attend child care. Thus, the primary aim of this study was to assess attainment of '5-2-1-0' guidelines in preschool-aged children who attend child care and to describe demographic predictors of attainment. Additionally, we sought to determine if attainment of the '5-2-1-0' guidelines was associated with child\'s BMI or weight status category.

2. Methods {#s0010}
==========

2.1. Setting and participants {#s0015}
-----------------------------

We conducted a secondary analysis of the Preschool Eating and Activity Study (PEAS), an observational study examining the influence of child care environment on preschool-aged children\'s dietary intake and physical activity. The details of the protocol have been described previously ([@bb0305], [@bb0090]). Briefly, two classrooms per child care center were recruited to participate from 30 randomly-selected, full-time licensed child care centers in Hamilton County, OH. Recruitment occurred from November 2009 through January 2011 to account for seasonal and temperature variation. Children within each classroom were eligible if they were: between the ages of 36--72 months, attended the child care center full time (≥ 5 h/day), were not enrolled in kindergarten, and had no disability limiting physical activity. Only one child per family was eligible. Data collection occurred over 24 h for each child, starting from the time of a child\'s drop-off at the child care center on day 1 and ending at the time of drop-off the following morning. A total of 579 children were in selected classrooms and were potentially eligible to participate; 447 (77%) provided consent, and 398 (69%) children were present for at least 5 h on the day of observation and thus eligible to participate ([Fig. 1](#f0005){ref-type="fig"}). To be included in this secondary analysis, children needed at least one of the following: 24 h dietary record, including a home diet record provided by parents and a complete account of dietary intake while in child care recorded by onsite research staff; 24 h record of screen time, including a diary at home completed by parents and assessments while in child care completed by onsite staff; or at least 10 h of activity recorded by the accelerometer. Data over 24 h were truncated to time of drop off to standardize measurements to a 24 h period. Written informed consent was obtained from a parent of each participating child and the directors at each child care center. This study was approved by the Institutional Review Board at Cincinnati Children\'s Hospital Medical Center.Fig. 1PEAS child recruitment.Fig. 1

2.2. Measures {#s0020}
-------------

### 2.2.1. Dietary intake ('5' fruits and vegetables & '0' sugar-sweetened beverages) {#s0025}

Foods and beverages consumed at meals and snack times while the child was at the child care center were recorded by trained study staff using a validated protocol for visually estimating dietary intake developed by [@bb0035]. Two trained observers recorded the intake of up to three children simultaneously during each meal. Food and beverages consumed away from the child care center were recorded by parents on an estimated food record, a reliable and validated method to report dietary intake for children in this age group ([@bb0070]). Parents indicated the time, type, and quantity for each food or beverage consumed outside the child care center. Detailed instructions with pictures were provided to aid in estimation of food quantities. Trained study staff reviewed dietary records, clarified questions, and resolved discrepancies with parents at the time of drop-off the next morning. All foods and beverages consumed, including quantities, were entered into the Nutrition Data System for Research (NDSR) software versions 2009, 2010, and 2011, developed by the Nutrition Coordinating Center (NCC), University of Minnesota, Minneapolis, MN. NDSR version 2011 software was used to categorize each child\'s total intake into food groups, servings, and energy intake (kcal) consumed over a 24-hour period. Fruit and vegetable servings in NDSR were based on the Dietary Guidelines for Americans [@bb0360] and were defined for this age group as ½ cup of chopped, cooked, or canned fruit or ½ cup of cooked or raw vegetables ([@bb0305]). Thus, a child was considered to have attained the recommended minimum of 5 servings of fruits and vegetables if they consumed a minimum of 2.5 cups of fruits and vegetables in 24 h ([@bb0365]). For the purposes of this analysis, consumption of 4 oz of 100% fruit juice was counted as a serving of fruit, as allowed by the US Department of Agriculture\'s (USDA) Dietary Guidelines for Americans and the AAP\'s National Health and Safety Performance Standards ([@bb0365], [@bb0005]). Sugar-sweetened beverage intake was defined using the 2010 USDA Dietary Guidelines for Americans and included any juices that were \< 100% fruit juice, sweetened fruit drinks, soft drinks, sports drinks, sweetened water, and sweetened milk (1 serving = 4 oz) ([@bb0360]). A child who consumed zero sugar-sweetened beverages in the 24-hour period was considered to have attained the '0' portion of the '5-2-1-0' recommendation.

### 2.2.2. Screen time ('2' h of screen time) {#s0030}

Screen time measures included both TV and computer exposure at child care and at home. At child care, trained study staff recorded individual and classroom TV and computer exposure. Screen time at home was recorded by parents using standardized forms and instructions and included TV and computer use from the time of pick-up to drop-off the following morning. A child was considered meeting the screen time recommendation if they had less than or equal to 120 min of screen time (computer + TV) in a 24 h period (home and child care).

### 2.2.3. Physical activity ('1' h of moderate to vigorous physical activity) {#s0035}

Physical activity was measured using an Actical accelerometer (MiniMitter®, USA) worn at the hip with an elastic belt. Parents and children were asked to keep the accelerometers on throughout the entire 24 h period from drop-off on the first day to drop-off on the following day, with the exception of bath time. Activity was measured in 15 s epochs, and established cutoffs for counts per minute were used to quantify time in minutes/hour spent in light, moderate, vigorous, and sedentary physical activities ([@bb0290]). One hour of physical activity daily was defined as 60 min or more of moderate-to-vigorous physical activity, using the 2007 Expert Committee Recommendations for Obesity Prevention and Treatment guidelines ([@bb0040]) since the AAP does not specify intensity of activity. More recently, the National Academy of Medicine and expert committees from three other countries (Canada, United Kingdom, and Australia) have recommended that preschool-aged children attain at least 180 min of any activity (light to vigorous) ([@bb0210], [@bb0255], [@bb0075], [@bb0015]). Thus, we also considered a threshold of 180 min of light to vigorous activity for analysis.

### 2.2.4. Anthropometric measurements {#s0040}

Trained study staff measured each participating child\'s height and weight at the child care center using a SECA portable stadiometer and Health-O-Meter portable high precision scale. Measurements were taken in triplicate while the child was in light clothing and measured to the nearest 0.1 cm and 0.1 kg for height and weight respectively. BMI and age-specific percentiles and z-scores were calculated based on the Centers for Disease Control and Prevention 2000 growth charts ([@bb0230]). Children who had a BMI percentile between 85th -- 95th percentile for age and sex were classified as overweight and those at or above 95th percentile as obese.

### 2.2.5. Demographics {#s0045}

Parents completed a demographic questionnaire that included questions about their race/ethnicity, child\'s age and race/ethnicity, household income and composition, highest level of education, and eligibility status for free/reduced lunch in the Child and Adult Care Food Program (CACFP), a proxy for low-income status.

2.3. Analyses {#s0050}
-------------

Participant characteristics and individual '5-2-1-0' recommendations were described using means and standard deviations (SD) and medians and interquartile ranges for continuous variables, and frequencies and proportions for categorical variables. Dietary, physical activity, and screen time measures were evaluated as both continuous and dichotomous variables (recommendation attained vs not attained) in models determining predictors of attainment and associations with BMI. Demographic predictors of fruit and vegetable intake, screen time, and physical activity were examined using linear mixed-effects models with center as a random effect to account for clustering of children within centers. Generalized estimating equations (GEE), utilizing a logit-link function and center as the clustering variable, were fit to calculate odds ratios and 95% confidence intervals (CI) for consuming sugar-sweetened beverages according to demographic predictors. All models were adjusted for income (\<\$25,000, \$25,000--\$50,000, \>\$50,000--\$100,000, \>\$100,000), race (Black, Other, White), household composition (1-parent vs. 2-parent), and child gender where appropriate. Outcomes were transformed to the natural log scale where appropriate to meet model assumptions. Linear mixed-effects models and GEEs were also fit to model associations between '5-2-1-0' recommendations, BMI-z-score and BMI ≥ 85th percentile. Model covariates included those described previously for '5-2-1-0' outcomes, as well as total energy intake when estimating associations for fruit and vegetable intake and sugar-sweetened beverages. Data was analyzed using SAS version 9.3 (SAS Institute Inc., Cary NC) with a p-value of \< 0.05 considered statistically significant.

3. Results {#s0055}
==========

Data from 398 children were available for this secondary analysis of whom 307 children had complete dietary data, 379 children had complete screen time data, and 386 children had complete physical activity data; 293 children had data for all 4 components of the '5-2-1-0' recommendations ([Fig. 1](#f0005){ref-type="fig"}). Response rates for the demographic, food diary, and screen time surveys from the parent study were all 95% or greater. Intra-class correlations (ICC) assessing the correlation of '5-2-1-0' recommendations within center was highest for screen time (ICC = 0.15), followed by sugar-sweetened beverage intake (ICC = 0.11), moderate-to-vigorous physical activity (ICC = 0.08), fruit and vegetable intake (ICC = 0.06), and light-to-vigorous physical activity (ICC = 0.03). Demographics of the sample are reported in [Table 1](#t0005){ref-type="table"}.Table 1Demographic characteristics of participating children.Table 1Child characteristicsDietary data ('5 & 0')Screen time ('2')Physical activity ('1')Complete '5-2-1-0'Complete data, nn[a](#tf0005){ref-type="table-fn"} = 307n = 379n = 386n = 293Male, n (%)140 (45)180 (49)188 (49)132 (45)Age (in years), mean (SD)4.3 (0.7)4.3 (0.7)4.3 (0.7)4.3 (0.7)CACFP eligible, n (%)173 (57)206 (57)211 (57)164 (57)Race, n (%) White123 (41)158 (43)162 (44)120 (41) Black126 (41)147 (40)150 (40)118 (41) Other[b](#tf0010){ref-type="table-fn"}55 (18)62 (17)60 (16)52 (18)Hispanic descent, n (%)13 (4)13 (4)13 (3)12 (4)BMI percentile, mean (SD)62 (28)64 (26)64 (26)62 (28)BMI z-score, mean (SD)0.45 (1.0)0.47 (1.0)0.46 (1.0)0.43 (1.0)Household income (\$), n (%) \< 25,000114 (39)133 (38)136 (38)107 (38) 25,000--50,00066 (23)79 (23)82 (23)64 (23) \> 50,000--75,00027 (9)32 (9)31 (9)25 (9) \> 75,000--100,00021 (7)25 (7)25 (7)21 (8) \> 100,000--150,00033 (11)40 (11)41 (12)32 (12) \> 150,00031 (11)40 (11)39 (11)29 (10)Parent education, n (%) ≤ High school53 (18)69 (19)70 (19)51 (18) Associates/technical degree130 (43)149 (41)153 (41)124 (43) ≥ College grad119 (39)147 (40)147 (40)113 (39)Household composition, n (%) 2-Parent household151 (50)193 (53)193 (52)147 (51) 1-Parent household149 (50)170 (47)175 (48)139 (49)[^1][^2][^3]Data collected from 30 child-care centers in Cincinnati, OH from Nov 2009--Jan 2011. Data analysis occurred in 2016--2017.

3.1. Attainment of the '5-2-1-0' recommendations {#s0060}
------------------------------------------------

### 3.1.1. 5 -- Consumption of ≥ 5 servings of fruits and vegetables daily {#s0065}

Of the 307 children with complete dietary data, 17% (n = 53) consumed 5 or more servings of fruits and vegetables (including 100% juice), with a median intake of 3.1 (IQR 1.9, 4.4) servings. The median dropped to 2.2 (IQR 1.4, 3.4) servings when excluding 100% juice ([Table 2](#t0010){ref-type="table"}).Table 2'5-2-1-0' recommendation attainment.Table 2'5-2-1-0' component[a](#tf0015){ref-type="table-fn"}N[b](#tf0020){ref-type="table-fn"}Median (IQR)Frequency (%)**'5' servings of fruits/vegetables**307 Fruit intake, servings1.1 (0.5, 2.0) Vegetable intake, servings1.0 (0.4, 1.6) 100% juice intake, servings0 (0, 1.25) Fruits + vegetable + 100% juice, servings[c](#tf0025){ref-type="table-fn"}3.1 (1.9, 4.4) Fruits + vegetable (no juice), servings2.2 (1.4, 3.4) \# of children ≥ 5 servings fruits + vegetables + 100% juice[c](#tf0025){ref-type="table-fn"}53 (17%)**'2' hours of screen time**379 Total screen time -- all,[d](#tf0030){ref-type="table-fn"} minutes71 (38, 105) Screen time at home, minutes60 (30, 90) Screen time at child care, minutes0 (0, 19) Total screen time -- excluding zeros,[e](#tf0035){ref-type="table-fn"} minutes34375 (45, 111) \# of children ≤ 2 h of screen time308 (81%)**'1' hour of physical activity**386 MV physical activity, minutes14 (7, 25) LMV physical activity, minutes331 (275, 377) \# of children with ≥ 60 min of MV PA (%)3 (\< 1%) \# of children with ≥ 60 min of LMV PA (%)386 (100%) \# of children with ≥ 180 min of LMV PA (%)378 (98%)'**0**' **sugar-sweetened beverages**307 Total -- all children, servings0 (0, 1.0) \# of children with zero sugar-sweetened beverages152 (50%)[^4][^5][^6][^7][^8][^9]Data collected from 30 child-care centers in Cincinnati, OH from Nov 2009--Jan 2011. Data analysis occurred in 2016--2017.

### 3.1.2. 2 -- Viewing ≤ 2 h of screen time daily {#s0070}

A majority (81%) of the 379 children met the screen time recommendations with a median time

of 71 min (IQR 38,105). Nine percent (n = 36) had no TV or computer time in a 24 h period; removing them increased the median screen time to 75 min (IQR 45,111). Most screen time in this sample occurred while the child was at home ([Table 2](#t0010){ref-type="table"}).

### 3.1.3. 1 -- Obtaining ≥ 1 h of physical activity daily {#s0075}

Only 3 of 386 children met the 60 min of moderate-to-vigorous physical activity recommendation ([Table 2](#t0010){ref-type="table"}). Median moderate-to-vigorous physical activity time for the entire sample was 14 min (IQR 7, 25). This increased to a median of 331 min (IQR 274, 377) when including light physical activity. Nearly all the children (n = 379) met the physical activity recommendation when using the National Academy of Medicine guideline interpretation of 180 min or more of light-to-vigorous activity daily ([@bb0210]).

### 3.1.4. 0 -- Consumption of 0 sugar-sweetened beverages daily {#s0080}

Half (n = 152) of the 307 children had no sugar-sweetened beverages consumed in 24 h ([Table 2](#t0010){ref-type="table"}). Of children who consumed any sugar-sweetened beverages (removing those with no sugar-sweetened beverages), the median number of servings was 1.0 (IQR 0.75, 1.5).

### 3.1.5. Attainment of '5-2-1-0' recommendations {#s0085}

Only one child met all four of the '5-2-1-0' recommendations when defining physical activity as 60 min of moderate to vigorous activity. Attainment increased to 23 (7.8%) children when using the alternative definition of 180 min of any level of physical activity.

3.2. Demographic predictors {#s0090}
---------------------------

Children whose parents reported an annual income between \$25,000 and \$50,000 had higher intake of fruit and vegetables compared to an annual income less than \$25,000 ([Table 3](#t0015){ref-type="table"}). Children whose reported household income was greater than \$100,000 had a lower odds (OR 0.31 \[0.10; 0.93\]) of consuming sugar-sweetened beverages when compared to those earning \<\$25,000 ([Table 3](#t0015){ref-type="table"}). Sugar-sweetened beverages were examined as a binary variable due to the large number of children reporting zero consumption. Black children had higher levels of any activity (light-to-vigorous) (β 0.42 ± 0.19) compared to White children but did not have any significant difference with regards to moderate-to-vigorous activity. No other demographic variables examined were associated with any '5-2-1-0' recommendation.Table 3Relationship between participant characteristics and '5-2-1-0' recommendations.Table 3Participant characteristicsFruit and vegetable intake ('5')Screen time ('2')Moderate-vigorous\
physical activity ('1')Light-moderate-vigorous\
physical activitySugar-sweetened beverages ('0')nMedian (IQR)Beta ± SEp-Value[e](#tf0060){ref-type="table-fn"}nMedian (IQR)Beta ± SEp-Value[e](#tf0060){ref-type="table-fn"}nMedian (IQR)Beta ± SEp-Value[e](#tf0060){ref-type="table-fn"}nMedian (IQR)Beta ± SEp-Value[e](#tf0060){ref-type="table-fn"}nn\
no SSBConsuming SSB OR (95% CI)[f](#tf0065){ref-type="table-fn"}CACFP eligibility[a](#tf0040){ref-type="table-fn"} CACFP eligible1692.9 (2.7)Ref.2081.3 (1.2)Ref.2070.23 (0.28)Ref.2075.5 (1.6)Ref.16968Ref. CACFP not eligible1273.2 (2.3)− 0.05 ± 0.080.491581.1 (1.1)0.02 ± 0.060.781550.27 (0.30)0.04 ± 0.020.121555.5 (1.9)0.09 ± 0.190.63127771.02 (0.44; 2.40)Household income, y[a](#tf0040){ref-type="table-fn"} \<\$25,00001112.8 (2.6)Ref.1341.3 (1.4)Ref.1330.23 (0.27)Ref.1335.5 (2.1)Ref.11141Ref. \>\$25,000--\$50,000663.3 (2.9)**0**.**16** ± **0**.**080**.**04**[†](#tf0070){ref-type="table-fn"}811.3 (1.1)0.00 ± 0.060.99820.23 (0.28)0.03 ± 0.020.17825.6 (1.6)0.06 ± 0.190.7666271.01 (0.50; 2.03) \>\$50,000--\$100,000483.0 (2.0)0.13 ± 0.10.22581.1 (0.9)− 0.02 ± 0.080.77560.23 (0.33)0.01 ± 0.030.70565.5 (2.0)0.02 ± 0.260.9448250.82 (0.27; 2.44) \>\$100,000643.4 (2.3)0.2 ± 0.110.08811.0 (1.1)− 0.07 ± 0.090.44800.28 (0.30)0.04 ± 0.030.25805.5 (1.4)− 0.09 ± 0.270.746449**0**.**31** (**0**.**10; 0**.**93**)[†](#tf0070){ref-type="table-fn"}Race, n (%)[b](#tf0045){ref-type="table-fn"} White1173.3 (2.5)Ref.1511.0 (1.2)Ref.1530.23 (0.35)Ref.1535.4 (1.6)Ref.11772Ref. Black1182.8 (2.5)− 0.08 ± 0.080.311411.3 (1.2)0.03 ± 0.060.621390.25 (0.25)0.01 ± 0.020.611395.6 (2.0)**0**.**42** ± **0**.**19**[†](#tf0070){ref-type="table-fn"}**0**.**03**118411.72 (0.81; 3.66) Other[c](#tf0050){ref-type="table-fn"}543.0 (2.3)− 0.03 ± 0.080.74621.2 (1.2)0.06 ± 0.060.37590.23 (0.27)0.02 ± 0.030.56595.6 (1.1)0.23 ± 0.20.2654291.00 (0.48; 2.11)Household composition[d](#tf0055){ref-type="table-fn"} 2-Parent1443.1 (2.4)Ref.1831.1 (1.0)Ref.1820.23 (0.32)Ref.1825.5 (1.5)Ref.14487Ref. 1-Parent1452.9 (2.7)0.07 ± 0.070.351711.3 (1.4)0.04 ± 0.060.501690.23 (0.27)− 0.01 ± 0.020.691695.6 (1.9)− 0.24 ± 0.180.16145551.26 (0.67; 2.38)[^10][^11][^12][^13][^14][^15][^16][^17][^18]Data collected from 30 child-care centers in Cincinnati, OH from Nov 2009--Jan 2011. Data analysis occurred in 2016--2017.

3.3. Weight outcomes {#s0095}
--------------------

Only screen time showed an association with BMI z-score: for every 1 h increase in screen time, there was a 0.11 ± 0.06 increase in BMI z-score when estimated within the range of the data ([Table 4](#t0020){ref-type="table"}).The odds ratio for overweight status was 1.22 (0.99; 1.50) for an additional hour of screen time. There were no associations between any of the other individual '5-2-1-0' components and BMI z-score or weight status. Additionally, attainment of each additional component of the '5-2-1-0' recommendations was not associated with either BMI z-score or weight status ([Table 4](#t0020){ref-type="table"}).Table 4Associations between '5-2-1-0' attainment, BMI-z-score, & weight status.Table 4'5-2-1-0' component (n)BMI z-scoreBMI ≥ 85th percentileβ[a](#tf0075){ref-type="table-fn"}SEp-Value[b](#tf0080){ref-type="table-fn"}OR[c](#tf0085){ref-type="table-fn"} (95% CI)**Fruit/vegetable/100% juice**[d](#tf0090){ref-type="table-fn"}**(282)** Servings0.0570.0310.0691.04 (0.93; 1.17) ≥ 5 servings0.0170.1680.3091.03 (0.56; 1.89)**Fruit/vegetable (282)** Servings0.0380.0400.3400.99 (0.85; 1.14) ≥ 5 servings0.1650.2450.5010.80 (0.30; 2.19)**Fruit (282)** Servings0.0540.0520.2921.07 (0.88;1.30)**Vegetables (282)** Servings0.0180.0660.7870.86 (0.66; 1.12)**100% juice**[d](#tf0090){ref-type="table-fn"}**(282)** Servings0.0920.0510.0751.14 (0.90; 1.44)**Screen time (344)** Hours**0**.**1120**.**0570**.**049**[†](#tf0100){ref-type="table-fn"}1.22 (0.99; 1.50) ≤ 120 min− 0.1190.1410.4000.84 (0.48; 1.48)**Physical activity (341)** MV, hours− 0.0400.2450.8700.36 (0.11; 1.25) LMV, hours0.0420.0430.3351.06 (0.88; 1.26)**Sugar-sweetened beverages (282)** Servings0.0810.0780.3011.16 (0.79; 1.71) 0 servings− 0.2170.1320.1010.67 (0.35; 1.29)'**5-2-1-0' score**[e](#tf0095){ref-type="table-fn"}**(268)**− 0.0850.0820.3040.71 (0.47, 1.08)[^19][^20][^21][^22][^23][^24][^25][^26]Data collected from 30 child-care centers in Cincinnati, OH from Nov 2009-Jan 2011. Data analysis occurred in 2016--2017.

4. Discussion {#s0100}
=============

To our knowledge, this is the first study to evaluate the attainment of the '5-2-1-0' recommendations in preschool-aged children who attend child care using objective measures of diet and physical activity. Our study shows that only one child met all four of the '5-2-1-0' recommendations as endorsed by the American Academy of Pediatrics ([@bb0175]). Attainment remained low (n = 23) even after using an alternative definition of physical activity for preschool-aged children ([@bb0210], [@bb0255], [@bb0075], [@bb0015]). Our findings are consistent with previous studies in school aged and adolescent children, with rates of '5-2-1-0' attainment ranging between 0 and 2% ([@bb0140], [@bb0235], [@bb0180]). Studies in preschool-aged children have shown similar findings of attainment for individual recommendations ([@bb0065], [@bb0350], [@bb0325]) with the exception of Briefel et al. who reported higher fruit and vegetable intake compared to our study ([@bb0065]). Attainment of the '5-2-1-0' recommendations collectively have not been reported in preschool-aged children.

Several studies have now shown that attainment of the '5-2-1-0' recommendations is low ([@bb0140], [@bb0235], [@bb0180], [@bb0065], [@bb0350]). One possible explanation for low attainment is that even though the message is straightforward and easy to remember, it can be difficult for families to implement. As '5-2-1-0' is a composite of four separate recommendations, each recommendation requires a specific behavior change. Studies suggest that behavior change is more effective when completed in a staged approach. Thus, it may be more effective for health care providers to target one recommendation at a time with families, to increase the ease of implementation and resultant adherence ([@bb0215]).

Fruit and vegetable intake in our sample was fairly low (median 3.1 servings), which is consistent with prior studies showing that less than one-third of children attain the daily recommended fruit and vegetable intake ([@bb0235], [@bb0315], [@bb0065], [@bb0350], [@bb0220]). Unlike previous literature however, which has shown fruit and vegetable intake in children to be correlated with race/ethnicity and income level ([@bb0220], [@bb0110], [@bb0125]), we found no consistent associations. This may be a function of our sample, including children in full-day child care, where meals and snacks are guided by dietary guidelines ([@bb0020], [@bb0355]).

Most children (81%) met screen time recommendation, concordant with prior studies ([@bb0195], [@bb0190], [@bb0275], [@bb0105]). Our data also shows that most of the screen time occurred at home (median time 60 min) versus at child care (median time 0 min), consistent with prior research ([@bb0335]). Contrary to prior studies linking correlations between socioeconomic status and screen time ([@bb0335], [@bb0380], [@bb0030]), we found no association.

Very few children (n = 3) met the physical activity recommendation of 60 min of moderate-to-vigorous physical activity, which is lower than many other studies of this age group ([@bb0130], [@bb0295], [@bb0285], [@bb0045]). One possible explanation is that unlike other brands of accelerometers, the Actical has only one published validation study ([@bb0290]) to establish cut points between different levels of physical activity. Beets et al. has demonstrated that differences in accelerometer cut points can change the percent of children who attain the same physical activity guidelines ([@bb0045]). Additionally, the Pfeiffer et al. cut points appear to use a relatively strict threshold for moderate activity compared to other accelerometers ([@bb0045]). Our findings are in line with other studies of preschool children using this same accelerometer that have shown children attain \< 20 min a day of moderate-to-vigorous activity ([@bb0350], [@bb0120], [@bb0240], [@bb0370]). Given the limited evidence of the benefits of moderate versus any level of activity (including light) on the health and developmental outcomes of preschoolers ([@bb0340], [@bb0010]), it would be more appropriate to use the more inclusive National Academy of Medicine guidelines recommending 15 min/h of any activity for this age group ([@bb0285]). Our study also found that Black preschool children had higher levels of any activity compared to White children. This is in contrast with previous studies in preschool children who have not shown race/ethnicity to be predictors of physical activity ([@bb0295], [@bb0285], [@bb0120], [@bb0135]).

Consistent with previous findings, we found that half of the preschool children met the recommended intake of zero sugar-sweetened beverages daily ([@bb0065], [@bb0350], [@bb0150], [@bb0280]). We also found that children of families with an annual income greater than \$100,000 had a decreased odd of consuming any sugar-sweetened beverage. This is supported by a systematic review by Mazarello Paes et al. who showed that lower socioeconomic status is associated with higher sugar-sweetened beverage intake ([@bb0245]).

In our study, only screen time was associated with BMI or weight status. This is supported by the literature which has shown that increases in screen time are associated with increased odds of overweight/obesity ([@bb0105]), including longitudinally ([@bb0185]). Previous studies have similarly shown no associations between the collective attainment of the '5-2-1-0' recommendations and BMI both in cross-section ([@bb0325]) and longitudinally ([@bb0160]).

Our study has some limitations. First, our study is a cross-sectional analysis that captured a 24 h snapshot of dietary and lifestyle behaviors; thus, we cannot establish usual dietary habits or physical activity levels of each individual child. Because we only examined days that children were in child care, we cannot comment on children\'s diet, physical activity, or screen time use on weekends -- these behaviors are known to differ between weekends and weekdays ([@bb0320], [@bb0170]). This may have led to inflated estimates of the proportion of subjects meeting recommendations and biased associations in models assessing body composition and sugar-sweetened beverage consumption. Second, we examined the correlation between recommendation attainment and BMI in cross-section, thus we were unable to determine the direction of causality between exposure and outcome. Lastly, our sample is from child care centers within one urban Midwest city and included relatively few Latino children and few children from rural child care settings. This potentially limits the generalizability of our results to other settings. However, our data are useful in understanding how children who spend a large part of their waking hours in child care settings are meeting recommendations for nutrition, activity, and screen time behaviors ([@bb0025]).

5. Conclusion {#s0105}
=============

This is the first study to our knowledge to examine the attainment of the '5-2-1-0' recommendations in preschool-aged children who attend full-time child care in the U.S. Our study demonstrates ample room for improvement in preschool-aged children\'s dietary intake, physical activity, and screen time. While our study shows limited associations of dietary intake or physical activity behaviors with BMI, each of the four individual recommendations have been associated with positive health outcomes, e.g., reduced incidence of chronic disease with increased fruit and vegetable intake ([@bb0060]), reduced attention problems and increased quality of sleep with limited screen exposure ([@bb0085], [@bb0165]), improved cardiovascular function with increased physical activity ([@bb0080]), and reduced risk of metabolic syndrome or type 2 diabetes with limited sugar-sweetened beverage intake ([@bb0200]). Future studies should include an assessment of usual dietary, physical activity, and sedentary behaviors, including sleep, on weekdays and weekends and should examine the longitudinal effects of adherence to recommendations among preschoolers on BMI and other health outcomes.
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[^1]: CACFP, Child and Adult Care Food Program, a marker for low-income status.

[^2]: Demographic data gathered via parent surveys and staff measurement of children. Sample sizes vary due to missing responses.

[^3]: "Other" includes the following races: Asian, American Indian, mixed race, or other category.

[^4]: LMV, light, moderate, vigorous physical activity; MV, Moderate to Vigorous; PA, Physical Activity.

[^5]: Measured over a 24 h hour period.

[^6]: Dietary, physical activity, and screen time data was gathered through parent surveys and staff measurement of children. Sample sizes vary due to missing responses.

[^7]: 100% juice counted as a fruit serving.

[^8]: All children with screen time data recorded.

[^9]: Children with screen time greater than zero.

[^10]: Notes: Beta reflects coefficient value for difference from reference when modeled on the natural log scale for fruit and vegetable intake, screen time, and MVPA. Values for fruit and vegetable intake and sugar-sweetened beverages in servings over 24 h. Values for screen time and physical activity in hours. Demographic data was gathered through parent surveys and staff measurement of children. Sample sizes vary due to missing responses.

[^11]: CACFP, Child and Adult Care Food Program (a marker for low-income status); IQR, interquartile range; LMVPA, light, moderate, and vigorous physical activity; MVPA, moderate and vigorous physical activity; OR, Odds Ratio; SE, standard error; SSB, sugar-sweetened beverages. Significant findings in bold.

[^12]: Models adjusted for sex, race, and household composition.

[^13]: Models adjusted for sex, income, and household composition.

[^14]: "Other" includes the following races: Asian, American Indian, mixed race, or "Other" race category.

[^15]: Models adjusted for sex, race, and income.

[^16]: p-Value for linear mixed effects regression with center as random effect.

[^17]: Odds ratio and 95% confidence interval for consuming sugar sweetened beverages estimated via generalized estimating equation (logit link function) with center as cluster.

[^18]: p ≤ 0.05.

[^19]: Models adjusted for sex, income, race, and household composition. Fruit and vegetable intake additionally adjusted for total energy.

[^20]: BMI, body mass index; LMV, light, moderate, vigorous; MV, moderate to vigorous; OR, Odds Ratio; SE, standard error. Significant findings in bold.

[^21]: Parameter estimate reflects association with BMI z-score for 1-unit increase in diet (serving), physical activity (hour of PA), or screen time (hours of screen time).

[^22]: p-Value for linear mixed effects regression with center as random effect.

[^23]: p-Value for generalized estimating equation (logit link function) with center as cluster.

[^24]: 100% Juice counted as a fruit serving as per the 2007 Expert Committee recommendations.

[^25]: Attainment of more than one of the '5-2-1-0' components.

[^26]: p ≤ 0.05.
